The relative frequency and topographical distribution of proventricular endocrine cells were examined immunohistochemically in seven species of birds: common finch, pigeon, quail, chicken, duck, gull and kite. Gastrin releasing peptide (GRP), somatostatin-, avian pancreatic polypeptide (APP)-, glucagon-, 5-hydroxytryptamine (5-HT)-and neurotensin-immunoreactive cells were observed in this study. GRP-and somatostatin-immunoreactive cells were found in all species examined.
Summary.
The relative frequency and topographical distribution of proventricular endocrine cells were examined immunohistochemically in seven species of birds: common finch, pigeon, quail, chicken, duck, gull and kite. Gastrin releasing peptide (GRP), somatostatin-, avian pancreatic polypeptide (APP)-, glucagon-, 5-hydroxytryptamine (5-HT)-and neurotensin-immunoreactive cells were observed in this study. GRP-and somatostatin-immunoreactive cells were found in all species examined.
All six kinds of immunoreactive cells were found with varying frequency in the pigeon, quail and gull, but not all immunoreactives were found in the other species examined.
Species differences with regard to the relative frequency and topographical distribution of proventricular endocrine cells were observed.
The avian stomach consists of two anatomically distinct parts: the proventiculus or glandular stomach; and the gizzard or muscular stomach. The proventriculus secretes digestive enzymes and gastric acid, whereas the gizzard converts food into chyme by mechanical means. It is well established that the morphology of these two stomachs shows wide variation according to the species and its feeding habits (PERNKOPF and LEHNER, 1937) . Generally, the proventriculus is best developed in carnivorous birds, whereas the gizzard is best developed in seed and grain eating birds, (KENT, 1983) .
Several studies have examined the endocrine cells in the proventriculs histologically (DAWsoN and MOYER, 1948; AIKEN, 1958; TONER, 1964; GABE,1972; OKAMOTO et al., 1976; IWANAGA and YAMADA, 1980 ), ultrastructurally (KATAOKA, 1974 , ANDREW, 1976 IWANAGA and YAMADA, 1980; OKAMOTO and YAMADA, 1981) , and immunohistochemically (POLAK et al., 1974; ALUMETS et al., 1977; 1978a; VAILLANT et al., 1979) . These studies suggested that the endocrine cells of the proventriculus consist of argyrophil cells only and that these can be subdivided into at least four types by their ultrastructural profiles. Recently, five kinds of immunoreactive cells: gastrin releasing peptide (GRP or bombesin)-, somatostatin-, avian pancreatic polypeptide (APP)-and glucagonimmunoreactive cells, were identified in this region. Most of the immunohistochemical studies have dealt with either a single peptide or with a single avian species. Our previous study demonstrated that the distribution and frequency of proventricular endocrine cells varied in the five species of birds examined (YAMADA et al., 1979) . The present study examines the proventriculus of seven avian species using immunohistochemical techniques.
MATERIALS AND METHODS
Three to five birds from seven avian species: the common finch (Uroloncha striata var domestica); pigeon (Columba tibia var domestics) Japanese quail (Coturnix coturnix japonica); chicken (Gatlus gallus var domestica); white Beijing duck (Anas platyrhynchos platyrhynchos var domestica); black-tailed gull (Larus crassirostris); and black-eared kite (Milvus migrans); were examined in this study. Tissues from the proventriculus were dissected free and fixed in Bouin's fluid, dehydrated in ethanol, cleared in xylene and embedded in paraffin. Serial sections were cut at 2 or 4 pm in thickness and stained immunohistochemically using the peroxidase-antiperoxidase (PAP) method (STERNBERGER, 1979) and the bridge method (MAsoN et al., 1969) . Details of the antisera used are shown in Table 1 . The specificity of each immunohistochemical reaction was determined as recommended by STERNBERGER (1979) , and included replacement of the specific antiserum with the antiserum preincubated with the corresponding antigen and related peptides, and incubation with some fragments of these peptides.
After immunohistochemical staining, the sections were lightly counterstained with Mayer's hematoxylin, dehydrated, cleared in xylene and mounted. The relative frequency of immunoreactive cells in each species was graded subjectively into five groups according to their frequencies as seen under the microscope.
RESULTS

Cells immunoreactive
to antisera against GRP, somatostatin, APP, glucagon, 5-HT and neurotensin were demonstrated in the avian proventriculi.
Each kind of immunoreactive cell never showed any other immunoreactivities against the antisera listed in the Table 1 , although a coexistence of the peptide and amine or existence of two kinds of polypeptides was carefully examined in the serial sections.
The relative frequency, topographical distribution and kinds of immunoreactive cell varied among the species examined as shown in Table 2 . Generally, immunoreactive cells occurred more frequently in the proventricular glands than in the superficial epithelium.
Superficial epithelium:
The superficial epithelium that lines the proventricular lumen consists of columnar cells which tend to decrease in height towards the base of formed sulci. Immunoreactive cells were observed primarily in the basal portions of the folds and sulci. A total of six kinds of immunoreactive cells were observed in this region, although not all types were detected in each of the avian species examined (Table 2 , Fig. 1 ). In fact, no single species had all six kinds of immunoreactive cells in this region of the proventriculus ( Table 2 ). The immunoreactive cells observed were found more frequently in the quail than in the other species examined.
GRP-, somatostatinand 5-HT-immunoreactive cells were the most frequently observed endocrine cells in this region, while other immunoreactive cells were observed only occasionally. Many immunoreactive cells in the surface epithelium were oval in shape and covered by epi- Table 1 . Antisera used a : All antisera were raised in rabbit except that against gastrin which was raised in guinea pig. b, f, g : These antisera were purchased from Immunonuclear Corp., Stillwater; UCB-Bioproducts, Bruxelles; Guildhay, Surrey, respectively. c,d,e,n: These antisera were kindly donated by Dr. N. YANAIHARA, Shizuoka; Dr. S. ITo, Niigata; Dr.
J. R. KIMMEL, Kansas City; Dr. D. GRUBE, Hannover, respectively. thelial cells. Some exhibited long or short cytoplasmic processes that coursed along the basement membrane (Fig. 1) . On rare occasions, GRP-, somatostatin-or glucagonimmunoreactive cells established luminal contact via an apical cytoplasmic process.
Proventricular glands: The proventricular glands are the principal component of the proventriculus and constitute the greater part of the proventricular wall. The glands are composed of numerous rounded and elongated lobules that are arranged in small clusters.
Each cluster drains into the lumen through a mucosal papillae. The wall of each lobule is composed of numerous tubular glands radiating out from the central lumen of the lobule.
Six kinds of immunoreactive cells were observed in the proventricular glands (Table 2 , Fig. 2-6 ). The immunoreactive cells were located between the oxynticopeptic cells and the basement membrane, and did not establish contact with the lumen of the gland (Fig. 6) . GRP-and somatostatin-immunoreactive cells were the principal endocrine cells in this region, and were observed in all the avian species examined (Table  2) . Somatostatin-immunoreactive cells were the most frequently observed endocrine cells. They were found primarily in the middle zone of the glandular lobules in the quail, chicken, duck and kite, peripherally in the gull, centrally and peripherally in the pigeon and were scattered randomly in the finch (Table 2 , Fig. 3b, 4) . These endocrine cells were characterized by long cytoplasmic processes that coursed parallel to the long axis of the tubular glands (Fig. 6b) . The ends of the cytoplasmic processes were enlarged into synaptic button-like swellings prior to termination on the neighboring oxynticopeptic cells or other somatostatin-immunoreactive cells (Fig. 6b) . GRPimmunoreactive cells were numerous in the pigeon, quail, chicken and kite, moderate in number in the duck and gull, and few in number in the finch (Table 2 , Fig. 2, 3a) . They were also found primarily in the central or inner half zone of the lobules in the pigeon, quail, chicken, kite and gull, in the middle zone in the duck and randomly scattered in the finch (Table 2 , Fig. 2,3a) . APP-immunoreactive cells were seen but rarely in most of the avian species examined (Table 2, Fig. 6c ). Although glucagon-immunoreactive cells were not seen in the duck and kite, a small number of these cells was found in the other species examined (Table 2 , Fig. 5a, 6d) . Glucagon-immunoreactive cells were scattered primarily in the middle zone of the lobules (Fig. 5a) . A few 5-HT- immunoreactive cells were found in the inner half zone of the lobules in the pigeon and chicken, in the peripheral zone in the gull (Fig. 5b) and scattered randomly in the quail and kite ( Table 2 ). The 5-HT-immunoreactive cells were a rare observation in the finch, and absent in the duck. Neurotensin-immunoreactive cells were seen but rarely in the pigeon and quail (Table 2) . Because APP-and neurotensin-immunoreactive cells occurred in such low numbers, their pattern of distribution could not be determined in this study. The GRP-, APP-, glucagon-, 5-HT-and neurotensin immunoreactive cells were oval in shape, sometimes showing long or short cytoplasmic processes that coursed along the basement membrane (Fig. 6) . The GRP-immunoreactive cells that exhibited long cytoplasmic processes were observed frequently in this 1948; AIKEN, 1958; OKAMOTO et al., 1976) . Our previous studies also confirmed the occurrence of endocrine cells in this region (YAMADA et al., 1979; IWANAGA and YAMADA, 1980; OKAMOTO and YAMADA, 1981) . Immunohistochemical studies have identified bombesin- (VAILLANT et al., 1979 , in the turkey; TIMSON et al., 1979 , in the chicken), GRP-(BUFFA et al., 1982 , in the chicken), APP-(ALUMETS et al., 1978a , in the chicken) and glunagon- (TIM50N et al., 1979 , in the chicken) immunoreactive cells in the proventriculus.
Although neurotensin-immunoreactive cells were not observed in the proventriculus of the quail (REINECKE et al., 1980) and chicken (ALUMETS et al., 1977) , they were found in the proventriculus of the newly hatched chick (RAWDON and ANDREW, 1981) . Bombesin-and GRP-immunoreactives have been known to occur in the same endocrine cell (BUFFA et al., 1982) , and therefore five different endocrine cells have been identified in the avian proventriculus.
In general, the present observations correspond well with earlier immunohistochemical studies. One interesting observation of this study was that 5-HT-immuno- reactive cells were identified in all the avian species examined with the exception of the duck. Since argentaffin cells are generally regarded as being absent in the avian stomach, the identification of the 5-HT-immunoreactive cells was an unexpected observation.
Recently, INOxucHI et al. (1983) indicated that the population of enterochromaffin (EC) cells identified by the PAP method using a specific antiserum against 5-HT was larger than that of EC cells identified by the conventional silver impregnation techniques.
They isolated a small number of EC cells stained immunohistochemically that were neither argentaffin nor argyrophil.
Furthermore, a few immunohistochemical EC cells were shown to be argyrophil but not argentaffin. They have concluded that the variance in population between EC cells revealed by the PAP method and those shown by silver impregnation techniques is due to a difference in the sensitivities of the techniques used. However, it is not yet clear whether the difference in staining of the non-argentaffin proventricular 5-HT-immunoreactive cells and the argentaffin intestinal 5-HT-immunoreactive cells is dependent upon the amount of 5-HT stored in the cells or whether there is a difference in the chemical components of the secretory granules.
The possibility that EC cells might contain, in addition to 5-HT, substance P (NiLSON et al., 1975; PEARSE and POLAK, 1975) or enkephalin (ALUMETS et al., 1978b; NIHEI et al., 1983) was suggested immunohistochemically. Examination in serial sections in the present study indicated, however, that no 5-HT-immunoreactive cells showed substance P-or leucine-enkephalin-immunoreactivity, and substance P-and leucine-enkephalin-immunoreactive cells were absent in this organ. Species differences with regard to the relative frequency and distribution of the proventricular endocrine cells was pointed out in five species of birds in a previouss study using conventional histological methods (YAMADA et al., 1979) . The present study using immunohistochemical technique has expanded and clarified these species differences.
However, the differences observed can not be explained solely on the feeding habits or the species examined (YAMADA et al., 1979) . The functional significance of the difference in distribution of the immunoreactive cells in the glandular lobules is unknown at present.
Future studies concerned with the microcirculation of the proventriculus will be essential in clarifying this question.
Although numerous argyrophil cells were observed in the peripheral or outer half zone of the glandular lobules in the chicken, quail and kite (YAMADA et al., 1979) , no immunoreactive cells were observed in the same zone of these species in the present studies. This discrepancy suggests that other kinds of endocrine cells could be present in the avian proventriculus.
Ultrastructurally, the argyrophil cells which were not immunoreactive to any of the antisera used in this study appeared similar to mammalian ECL cells (IWANAGA and YAMADA, 1980) . Mammalian ECL cells have been implicated as histamine-synthesizing endocrine cells (RUBIN and SCHWARTZ,1979) . Many immunoreactive cells in the proventricular glands exhibited elongated cytoplasmic processes that coursed along the basement membrane to terminate in swollen endings reminiscent of synaptic buttons.
In addition, most immunoreactive cells observed in the proventricular glands were of the closed type. These morphological features support the concept that many of the proventricular endocrine cells may function as mechanoreceptors and respond to mechanical stimuli such as pressure or tension caused by foods (KUSUMOTO et al., 1979; LARSSON et al., 1979; YAMADA et al., 1979) . Somatostatin-immunoreactive cells in particular may function as mechanoreceptors as well as typical paracrine cells as reported in mammalian fundic glands (ALUMETS et al., 1979; KUSUMOTO et al., 1979; LARSSON et al., 1979) . It is well established that somatostatin suppresses the secretion of endocrine as well as exocrine cells (PATEL et al., 1981) and that GRP (or bombesin) stimulates both directly and indirectly (via gastrin cells) gastric acid secretion by oxyntic cells (VARNER et al., 1981) . In addition to the influence of gastrin cells and histamine on proventricular secretion (HILL, 1971) , secretory activity also may be regulated at least in part by somatostatin-and GRPimmunoreactive cells. Future physiological studies on the proventriculus utilizing these particular gut peptides will be needed for further study on the control of secretion in this particular organ.
